Sequences of the nrDNA internal transcribed spacer (ITS) region and the cpDNA trnL/trnF intergenic spacer (IGS) region were analysed for 11 species of Chamaemelum Mill. and its related genera Cladanthus Cass., Mecomischus Coss. ex Benth., Rhetinolepis Coss., and Santolina L. 
INTRODUCTION
Chamaemelum Mill. is a small Mediterranean genus of the Compositae-Anthemideae which comprises six species according to the most recent generic treatment of the tribe (Bremer & Humphries, 1993) . While three of these species are geographically restricted endemics of north-west Africa [Ch. eriolepis (Coss. ex Maire) Benedí, Ch. flahaultii (Emb.) Benedí, and Ch. scariosum (Ball) Benedí], the other representatives are more widespread in the western Mediterranean and western European areas [Ch. fuscatum (Brot.) Vasc. and Ch. nobile (L.) All.] or throughout the whole Mediterranean and adjacent regions [Ch. mixtum (L.) All.] .
Beginning with Linnaeus (1753) , who treated all species of Chamaemelum known at that time as members of the genus Anthemis L., a close relationship between the two genera is described in most treatments of the Anthemideae throughout the 18th, 19th and 20th centuries. Shortly after Species Plantarum (Linnaeus, 1753), Miller (1754) validated the generic name Chamaemelum (Druce, 1914) for some Anthemis species cultivated in English gardens. In Miller (1768) , the Linnean generic name Anthemis is adopted and Chamaemelum treated as a synonym. A few decades later, Necker (1790), Gaertner (1791), and Moench (1794) revived the name Chamaemelum to place some former Anthemis species with apically rounded achenes into a separate genus. Although Cassini (1817: 83) did not recognize these two entities on a level higher than subgenera, he later on contributed to the excessive dismemberment of Anthemis into a number of segregated genera (i.e. Anthemis, Chamaemelum, Cladanthus Maruta, Ormenis, Lepidophorum, Cassini 1823 All.] . He united them all under the generic name Maruta, foreshadowing to some extent the present circumscription of the genus Chamaemelum, except that he also included Anthemis cotula, the type of Maruta, a proper Anthemis species in our present understanding (e.g. Oberprieler, 1998) .
Problems relating to the correct demarcation of Chamaemelum against Anthemis owe their solution to Schultz's revised taxonomy of the Anthemideae (in Schnizlein, 1854: 69-70; Schultz, 1860) in which he proposed a subdivision of the tribe into six subtribes, mainly on carpological grounds, with members of Anthemis assigned to the subtribes Cotinae and Anthemidinae, and members of Chamaemelum (at that time called Ormenis) along with the unispecific Cladanthus forming subtribe Ormenidae. Despite attempts to re-establish the Linnean circumscription of Anthemis (i.e. including members of Chamaemelum) in the following decades (e.g. Bentham & Hooker, 1873; Hoffmann, 1891 Hoffmann, -1892 , the generic independence of Chamaemelum (Ormenis) was confirmed by Briquet's (1916) meticulous achene anatomical studies on representatives of Anthemis, Chamaemelum and Santolina. He showed that achenes of Chamaemelum have a very thin and specialized pericarp consisting of large myxogenic cells in longitudinal rows, while pericarps of Anthemis and Santolina species were thick and sclerenchymatous (Briquet, 1916) . Despite these carpological findings, Harling's (1960) embryological studies showed that Anthemis is characterized by a tetrasporic embryo sac while it is monosporic in Chamaemelum. Phytochemical differences between the two genera also supported the phylogenetic proximity of the two genera (Bohlmann et al., 1965; Bohlmann & Zdero, 1966; Heywood & Humphries, 1977) . This view has been corroborated by crossing data of Mitsuoka & Ehrendorfer (1972) who found that some Anthemis species were much more easily crossed with a Chamaemelum representative than with congeners.
Conversely, Bremer & Humphries (1993) elaborated a subtribal classification of the Anthemideae using all morphological, embryological and phytochemical information available at that time in a cladistic study. This classification featured Anthemis together with the unispecific Nananthea DC. as the only members of the subtribe Anthemidinae, while Chamaemelum was considered to be a member of the subtribe Achilleinae. Molecular studies in the Anthemideae (FranciscoOrtega et al., 1997; Oberprieler & Vogt, 2000; Watson et al., 2000) revealed, however, that most of the subtribes proposed by Bremer & Humphries (1993) are not monophyletic. The most comprehensive molecular study relating to Mediterranean Anthemideae by Oberprieler & Vogt (2000) showed that the genera of Achilleinae sensu Bremer & Humphries (1993) fall into two unrelated groups: while Achillea L., Anacyclus L. and Otanthus Hoffmanns & Link (and presumably also the unispecific genus Leucocyclus Boiss. not included in the cited study, 'Achilleinae I') were members of a strongly supported monophyletic group together with Anthemis, Matricaria L., Tanacetum L. and Tripleurospermum Sch. Bip., the other five members of this subtribe (i.e. Chamaemelum, Cladanthus, Mecomischus Coss. ex Benth., Rhetinolepis Coss. and Santolina, 'Achilleinae II') formed an equally well supported monophyletic group within a clade comprising subtribe Chrysantheminae and parts of subtribes Leucantheminae and Matricariinae sensu Bremer & Humphries (1993) .
While the above-mentioned molecular studies provide strong support for the placement of Chamaemelum within an as yet unelaborated new classification of Anthemideae, little is known either of its infrageneric taxonomy or of its phylogenetic relationships with other members of 'Achilleinae II'. The former is mainly due to the fact that a complete revision of the genus is still lacking. While the three widespread species Ch. fuscatum, Ch. mixtum and Ch. nobile were revised both for the treatment of Chamaemelum in Flora Europaea (Tutin et al., 1976) and for the Iberian Peninsula and the Balearic Islands (Benedí González, 1988a) , the north African species Ch. eriolepis, Ch. flahaultii and Ch. scariosum were only transferred from Ormenis to Chamaemelum by Benedí González (1986 González ( , 1988b . However, in the latest publication, Benedí González (1988b) additionally proposed a subdivision of the genus into two sections, Ch. sect. Chamaemelum and sect. Santolinopsis Benedí, based on the orientation of the stylopodium (i.e. 'coronet' in Kynčlová, 1970; 'Nektarium' in Vogt, 1991; 'discus' in Benedí González, 1988b; Oberprieler, 1998) at the achene apex, the shape of pales and the dissection of leaves.
In regard to the phylogenetic relationships with other members of 'Achilleinae II', cladistic analyses of morphological data (Bremer & Humphries, 1993) suggest a sister-group relationship of Chamaemelum with a clade formed by Cladanthus + Rhetinolepis. On the other hand, molecular data (Oberprieler & Vogt, 2000) clearly indicate the distinction of Chamaemelum 256 C. OBERPRIELER + Cladanthus from Rhetinolepis. Because Chamaemelum was only represented by the single species Ch. nobile in the mentioned study, little inference into the phylogenetic relationships of the genus was possible. Extensive field work in north Africa (Morocco, Tunisia), however, has yielded a complete sample of Chamaemelum species for us to address questions related to the infrageneric taxonomy of the genus and its phylogenetic relationships by molecular methods. Additionally, plant material of Santolina africana Jord. & Fourr. collected in Tunisia made it possible to extend the present study to questions related to the classification of this enigmatic species which had been originally described as a member of Santolina by Jordan & Fourreau (1868 -1903 Jahandiez & Maire (1934) with Ormenis pseudosantolina in synonymy, and finally omitted from all further considerations of the two genera (e.g. Benedí González, 1986 González, , 1988b Bremer & Humphries, 1993) . The problematic classification of this species results from combined characters typical for Santolina (suffruticose habit, discoid capitula) and Chamaemelum (achenes with pericarp formed of myxogenic cells in longitudinal rows).
The aim of the present molecular study was thus threefold: (1) the analysis of the infrageneric taxonomy of Chamaemelum (2) the clarification of phylogenetic relationships of Chamaemelum within 'Achilleinae II', and (3) the proper placement of Santolina africana within this group of genera.
MATERIAL AND METHODS

PLANT MATERIAL
Eleven species from the five genera of 'Achilleinae II' (Chamaemelum, Cladanthus, Mecomischus, Rhetinolepis and Santolina) were included as ingroup taxa. Plant material came from all presently accepted species of Chamaemelum (six species from seven populations for nrDNA analyses and from eight populations for cpDNA analyses, respectively), Cladanthus (one species), and Rhetinolepis (one species), while Mecomischus (two species) was represented by M. halimifolius (Munby) Hochreutiner and Santolina (eight species according to Bremer & Humphries, 1993) by S. rosmarinifolia L and S. africana (Table 1) . A more comprehensive molecular study of Mediterranean and Eurasian genera of the Anthemideae showed uncertain sister group relationships of 'Achilleinae II' with other Mediterranean representatives of the tribe (Oberprieler & Vogt, 2000) , and thus a broad sample of genera representing subtribes Chrysantheminae, Leucantheminae and Matricariinae sensu Bremer & Humphries (1993) Hellwig et al. (1999) and Oberprieler & Vogt (2000) using Qiagen tip-20 columns (Qiagen Inc., Hilden, Germany). Amplification of both nrDNA ITS and cpDNA trnL/trnF IGS was performed using primers by White et al. (1990) and Taberlet et al. (1991) following the protocols of Oberprieler & Vogt (2000) . Amplified products were purified with a Qiaquick PCR cleaning column and filtration kit (Qiagen Inc.). Cycle sequencing was performed using IRD-labelled primers (MWG-Biotech AG, Ebersberg, Germany) and the ThermoSequenase labelled primer cycle sequencing kit (Amersham Pharmacia) following the protocol of Facius et al. (1999) . The prepared cycle sequencing products were analysed on a LI-COR DNA sequencer 4200. All new sequences were submitted to the EMBL sequence data bank (Table 1) .
SEQUENCE ALIGNMENT AND CLADISTIC ANALYSES
Sequences were aligned using CLUSTAL W (Thompson, et al., 1994) and alignments subsequently corrected manually (Appendices 1 and 2). Gaps in aligned sequences were treated as missing data, but phylogenetically informative indels were coded as additional binary characters. Overlapping deletions which were not identical were treated as independent characters. In cases when a coded deletion enclosed other deletions, the latter were coded as missing data.
Maximum parsimony (MP) analyses of the data set were performed using the heuristic search algorithm of PAUP* version 4.0b2a (Swofford, 1999) with ACCTRAN, MULPARS, TBR branch swapping for 500 random addition sequence replicates. Character states were specified unordered and unweighted. Support for clades was evaluated using bootstrap (Felsenstein, 1985) and decay analyses (Bremer, 1988) . Bootstrap analyses were performed using the following settings: 100 bootstrap replicates, simple addition sequence, ACCTRAN, TBR branch swapping, MULPARS, Testing for data set incompatibilities among nrDNA ITS and cpDNA IGS sequence information was done using nonparametric Wilcoxon signed ranks (WSR) tests as proposed by Templeton (Templeton, 1983; Larson, 1994) . Following the test strategy of MasonGamer & Kellogg (1996) , this was done by application of the WSR test to a comparison of the tree length of the most-parsimonious tree(s) of one of the two data sets with the number of changes required by the same data set on a constraint tree. Constraint trees were based on trees from the rival data set and included (1) the rival strict consensus tree, (2) the 70% majority rule bootstrap rival tree, representing the combination of all nodes with moderate to strong support ('strong nodes tree'), and (3) the strict consensus topology from the combined analysis of the two data sets. Like Larson (1994) and Mason-Gamer & Kellogg (1996) , we used two-tailed probability values which give conservative estimates of significance values.
RESULTS
NUCLEAR RIBOSOMAL DNA ITS (DATA SET 1)
The nrDNA ITS alignment is 474 bp long (263 bp for ITS1 and 211 bp for ITS2) with 179 variable positions including 113 phylogenetically informative substitutions and 18 phylogenetically informative indels of 1 bp length (Appendix 1). The heuristic parsimony search yielded a single most-parsimonious tree (MPT) with a length of 392 steps, a consistency index (CI, with autapomorphies excluded) of 0.515, and a retention index (RI) of 0.558 ( Fig. 1) . Members of the ingroup (i.e. Chamaemelum, Cladanthus, Mecomischus, Rhetinolepis and Santolina) form a monophyletic group but the support for this group is very weak (decay value of 1 step, no bootstrap support). Within the ingroup, it is obvious that nrDNA ITS sequence data do not support the monophyly of the genus Chamaemelum in its traditional circumscription: while Ch. nobile and Ch. fuscatum form a strongly supported monophyletic group (100% bootstrap, 9 steps decay) the other members of the genus form a comparatively well supported clade (91%, 4) which also includes Cladanthus arabicus. Further parsimony searches on the data set using constraint trees showed that a monophyletic genus Chamaemelum including Cladanthus arabicus would require only one extra step while a monophyletic genus Chamaemelum excluding the latter genus would lead to MPTs with a length of 404 steps (i.e. 12 extra steps). In relation to the other genera of the ingroup, the sister-group relationship of Rhetinolepis and Mecomischus (89%, 4) and the monophyly of the two Santolina representatives (94%, 4) is clearly demonstrated while the sister-group relationship of the former with the latter group (70%, 1) and the position relative to Chamaemelum remain unsettled.
The trnL/trnF IGS alignment is 404 bp long with 62 variable positions including 38 phylogenetically informative substitutions and 14 phylogenetically informative indels of one to 22 bp length (Appendix 2). The heuristic parsimony search yielded 238 equally mostparsimonious trees with a length of 93 steps, a consistency index (CI, with autapomorphies excluded) of 0.768, and a retention index (RI) of 0.838. The strict consensus tree of all MPTs is shown in Figure 2 . While this marker fails to support the monophyly of the ingroup and the sister-group relationships within it, some terminal nodes receive considerably high bootstrap and decay values, most of them coinciding with monophyletic groups from the nrDNA ITS analysis. Both the sister-group relationship of Chamaemelum The Wilcoxon signed ranks (WSR) tests show that the nrDNA ITS data do not conflict with the cpDNA IGS consensus tree and the 'strong nodes tree' (see Material and Methods), nor with the consensus tree of the combined analysis of the two markers (Table 2) . On the other hand, the cpDNA IGS data significantly reject the nrDNA ITS consensus tree (P < 0.0075). However, the borderline result (0.0143 < P < 0.0578) for the test of conflict between the same data set and the ITS 'strong nodes tree' indicates that this significant conflict is mainly due to the weakly (bootstrap values < 70%) supported nodes in the topology of the nrDNA ITS consensus tree. No significant conflict is observed between cpDNA IGS data and the consensus tree of the combined analysis of both markers. Therefore, these results argue for the legitimacy of a combined analysis.
COMBINED NRDNA ITS AND CPDNA TRNL/TRNF IGS (DATA SET 3)
The heuristic parsimony search on this data set yielded 13 equally most-parsimonious trees with a length of 492 steps, a consistency index (CI, with autapomorphies excluded) of 0.5203, and a retention index (RI) of 0.5528. The strict consensus tree of all MPTs is shown in Figure 3 . Its topology is very similar to the cladograms of the analyses based on the individual data sets. While the ingroup lacks support as a monphyletic group, most of the clades within this group are strongly supported, an exception being the clade of Chamaemelum eriolepis and Cladanthus arabicus. This reflects the controversial positions of these two annual species in the cladograms based on nrDNA ITS and cpDNA IGS data, respectively.
DISCUSSION
The two molecular markers used in the present analysis behave quite differently in the phylogenetic reconstructions: while the nrDNA ITS data set yields a single most-parsimonious tree (MPT) with relatively moderate support values (CI, with autapomorphies excluded = 0.515, RI = 0.558), the cpDNA trnL/trnF IGS data set appears to contain a weaker phylogenetic signal as reflected in the higher number of MPTs (238) and the low resolution in the consensus tree. On the other hand, this latter tree shows both a reasonably high CI and RI value (0.768 and 0.838, respectively Table 2 . Summary of Templeton (Wilcoxon signed ranks) test results for the two data sets and the constraint trees used in the analyses. The total gain, total loss and net gain of steps required by all characters on the most-parsimonious trees found given the indicated constraint tree relative to the steps required by the same set of characters on the mostparsimonious unconstrained trees are given, along with two-tailed probability values (P) for each test cpDNA IGS nrDNA ITS consensus tree 10-11 0-1 10 0.0016 < P < 0.0075 nrDNA ITS strong nodes tree 6-8 0-2 6 0.0143 < P < 0.0578 Combined data consensus tree 1-4 0-3 1 0.3173 < P < 0.7055 of Mediterranean Anthemideae (Oberprieler & Vogt, 2000) in which the authors suggested the different percentages of variable positions and phylogenetically informative characters in the data sets to be the possible reason. This seems also to be the case in the present data sets: the nrDNA ITS data set has 37.8% of the positions variable and 23.8% phylogenetically informative, and the cpDNA IGS data set has only 15.3% variable and 9.4% phylogenetically informative positions. In addition, there are differences between the two data sets with respect to the nature of informative indels: all indels are only one bp long in the nrDNA ITS data set, whereas indels in the cpDNA IGS are between one and 22 bp long (an uninformative deletion in Otospermum glabrum is even 89 bp). Overlapping gaps in the cpDNA alignment lead to their eventual coding as missing data. As a consequence of this gap coding, the phylogenetic power of the indels is partially reduced, without a corresponding increase in homoplasy. Therefore, differences in both the rate and nature of evolutionary change in the two DNA regions (nrDNA ITS: higher substitution rate, lower frequency of indel formation, smaller indels; cpDNA IGS: lower substitution rate, formation of more and larger indels) may be responsible for the observed differences in the phylogenetic reconstructions. With respect to the cpDNA IGS marker, these peculiarities of evolutionary change are the reason for its use both at the infraspecific level (e.g. phylogeographical studies of Fuji et al., 1997 Fuji et al., , 1999 ; differences between accessions of Chamaemelum mixtum, present study) where mainly indels are observed, and at higher taxonomic levels (e.g. Bayer & Starr, 1998 (2000) has pointed out when reviewing the evolution of noncoding chloroplast DNA and its consequences for phylogenetic reconstructions, this mechanism of sequence evolution may considerably decrease the quality of homology assessments. As a consequence, and despite the fact that the homology assessments in the present alignment appear to be trustworthy and in accordance with suggestions made by Kelchner & Clark (1997) , Bayer et al. (2000) and Kelchner (2000) to improve their accuracy, it appears necessary to deal with the outcome of the phylogenetic reconstruction based on cpDNA IGS sequences more warily than with the nrDNA ITS phylogeny. Despite the described differences between the two markers, the conflict between the cladograms of Figures 1 and 2 is minimal; most of the clades consistently found in all MPT from the analysis of the cpDNA IGS data set (Fig. 2) correspond to monophyletic groups found in the single MPT of the nrDNA ITS analysis. Additionally, most of these monophyletic groups are supported by moderate-to-high bootstrap and decay values in both analyses. Concerning the ingroup made up of Chamaemelum and related genera, the following clades are supported by both data sets: the group of Chamaemelum eriolepis, Ch. flahaultii, Ch. scariosum and Cladanthus arabicus; the sister-group relationships between the two Santolina species; between Rhetinolepis and Mecomischus; between Chamaemelum nobile and Ch. fuscatum; and the monophyly of the different accessions of Chamaemelum mixtum.
On the other hand, neither analysis resolves relationships between these monphyletic groups, thus limiting our ability to answer some of the questions raised earlier, i.e. the monophyly of the ingroup ('Achilleinae II', i.e. the group of Chamaemelum, Cladanthus, Mecomischus, Rhetinolepis and Santolina) is not supported by either data set. This is in contrast to results of Oberprieler & Vogt (2000) in which the five taxa representing these genera were found to form a monophyletic group with high bootstrap support both in the analysis of nrDNA ITS sequence information (92%) and in the joint analysis of nrDNA ITS and cpDNA IGS data (93%). However, Chamaemelum was only represented by Ch. nobile which was found to be the sister-taxon to Cladanthus arabicus, while the other three genera formed another monophyletic group (Oberprieler & Vogt, 2000) . It seems that the addition of other species of Chamaemelum not only changed sister-group relationships of Ch. nobile (now with Ch. fuscatum) and Cladanthus arabicus (now as a member of the clade around Ch. eriolepis), but also lowered support for the monophyly of the whole group of genera. There are good reasons, however, to prefer the placement of Ch. nobile and Cladanthus arabicus over that found in our previous study (Oberprieler & Vogt, 2000) . First, bootstrap support for the placement of the two taxa is higher in the present analysis, both in the nrDNA ITS (100% and 93%, respectively, vs 82% in Oberprieler & Vogt 2000) and in the cpDNA IGS analysis (100% and 98%, respectively, no support in Oberprieler & Vogt, 2000) . Second, there is morphological evidence for these groupings: ray florets are white in Ch. nobile and Ch. fuscatum, while those of Cladanthus arabicus, Ch. eriolepis, Ch. flahaultii and Ch. scariosum are orange or golden yellow. Third, Ch. fuscatum and Ch. nobile have achenes with a horizontal apical plate and a central stylopodium, flat to slightly carinate pales, and 2-3-pinnatisect leaves, while the achenes of Cladanthus arabicus, Ch. eriolepis, Ch. flahaultii and Ch. scariosum have a slanted apical plate with a sublateral stylopodium, strongly carinate pales, and dentate to 2-pinnatisect leaves. These two groups coincide largely with the two subgenera of Chamaemelum as proposed by Benedí González (1988b), with Ch. fuscatum and Ch. nobile on the one hand (Chamaemelum sect. Chamaemelum) and the yellow-rayed species of Chamaemelum together with Ch. mixtum on the other (Chamaemelum sect. Santolinopsis Benedí). According to our present analysis, however, Cladanthus arabicus has to be included in the latter section, which makes Chamaemelum in its present circumscription at least paraphyletic.
The long-standing independence of Cladanthus from Chamaemelum is mainly attributable to the unique growth form of the former, which is characterized by an acrotonic ramification where lateral branches originate in the axils of foliage leaves immediately below the capitulum (Weberling & Reese, 1988) , while the capitula of Chamaemelum species appear to be long pedunculate. This led Bremer & Humphries (1993) to describe the capitula of Cladanthus as 'sessile', and furthermore synapomorphic for the sister-group of Cladanthus and Rhetinolepis. However, if morphological data are scrutinized more intensively, the alleged sister-group relationship of these two genera becomes invalid: the capitula of Rhetinolepis lonadioides are not sessile but shortly pedunculate and arranged solitary or in few-headed corymbs, lateral branches (paracladia) originate at the bases of stems or along the stems but not immediately below capitula as in Cladanthus. The indumentum of Rhetinolepis consists of medifixed hairs, while hairs are basifixed in Cladanthus (as they are in all Chamaemelum species). Capitula of Rhetinolepis are discoid, while those of Cladanthus are radiate. Finally, both molecular markers used in the present study point to the remoteness of the two entities. Therefore, the unique growth form of Cladanthus arabicus is merely an autapomorphy of this species which has obscured the true phylogenetic relationships with the yellow-rayed Chamaemelum species since the establishment of this unispecific genus by Cassini (1816).
While the monophyly of the different geographical accessions of Chamaemelum mixtum is strongly supported by both markers, the position of this taxon relative to the other Chamaemelum species is controversial. In the nrDNA ITS analysis, Ch. mixtum forms the sister-group of the Ch. eriolepis clade with considerable support, while in the cpDNA IGS analysis, there is no consistently supported sister-group relationship with other groups. There are morphological characters which support the nrDNA ITS scenario: as a member of Benedí González's (1988b) Ch. sect. Santolinopsis, Ch. mixtum is also characterized by achenes with a slanted apical plate and a sublateral stylopodium, strongly carinate pales, and only dentate to 1-2-pinnatisect leaves. Additionally, it is true that ray florets in Ch. mixtum over large parts of its geographical range are white instead of orange or golden yellow, but these white ray florets always have a yellow base. Some populations in north Africa (Morocco, Algeria), however, even have completely yellow ray florets and were recognized as an independent variety, Ch. mixtum var. aureum (Durieu) Benedí. Therefore, speculations on the hybrid origin of Ch. mixtum, as one might deduce from the usually bicoloured ray florets in this species, are not supported by either morphological or molecular data.
Hybridization may have played a role within the just mentioned group of Chamaemelum sect. Santolinopsis and Cladanthus arabicus, as there is some conflict in the phylogenetic analyses of nrDNA ITS and cpDNA IGS. While in the former, Ch. eriolepis is sister to Ch. scariosum, the latter analysis places it in a monophyletic group with Cladanthus arabicus. There is insufficient morphological evidence to differentiate between the two scenarios, but the shared annual life history in Ch. eriolepis and C. arabicus may argue for the second grouping if perennial life history is considered to be plesiomorphic (see reconstruction of character evolution in Fig. 3 ). Further studies using other molecular markers are needed to help clarify phylogenetic relationships in this monophyletic group of four closely related species, and may lead to the establishment of a model group for further research into interesting aspects of speciation in the Anthemideae, e.g. changes of life history, mating behaviour, or structural changes of chromosomes.
Connected with the failure of the present analyses to elucidate the monophyly of Chamaemelum (including Cladanthus) is the failure to provide evidence for the phylogenetic relationships with other members of 'Achilleinae II'. The sister-group relationships of the two Santolina species and of Rhetinolepis and Mecomischus receive considerable support from both molecular markers. On the other hand, the monophyly of Mecomischus, Rhetinolepis and Santolina as found in the single MPT based on nrDNA ITS sequence information is not supported, although there is support for this group based on morphology. While hairs (when present) are always basifixed in Chamaemelum and Cladanthus, Santolina and Rhetinolepis have induments of medifixed hairs and Mecomischus is characterized by stellate hairs (the latter being some sort of special medifixed hairs). However, without any clear phylogenetic relationship of the 'Achilleinae II' group, it is impossible to polarize this character. In their comprehensive study on the phylogeny of Mediterranean Anthemideae, Oberprieler & Vogt (2000) found only marginal support for a sister-group relationship of 'Achilleinae II' with other members of a large, mainly western Mediterranaen centred monophyletic group characterized by a 5 bp-deletion in cpDNA trnL/trnF IGS (positions 274-278 in the present alignment). The representatives of this group used in the present analysis as outgroup taxa (all except Phalacrocarpum which is more basal due to the mentioned deletion being missing) are glabrous or furnished with basifixed hairs. This would tentatively argue for the derived nature of medifixed or stellate hairs in the ingroup and the monophyly of the group of Mecomischus, Rhetinolepis and Santolina. The occurrence of basifixed hairs in the Chamaemelum species (and Cladanthus) may thus be considered to be symplesiomorphic and unsuitable for the demonstration of the monophyly of this genus.
In contrast to the difficulties concerning the monophyly of Chamaemelum and its phylogenetic position within 'Achilleinae II', evidence for the proper placement of Santolina africana is quite strong. Both molecular markers point to the sister-group relationship of this species with the other representative of Santolina with considerable support. Since all members of 'Achilleinae II' along with Santolina africana are characterized by achenes with a thin pericarp completely covered by large myxogenic cells in longitudinal rows (pers. obs.), while other members of Santolina have achenes with a thick pericarp devoid of myxogenic cells (Briquet, 1916; pers. observ.) , the achene anatomical similarity of Santolina africana and Chamaemelum, Cladanthus, Mecomischus and Rhetinolepis is best interpreted as a symplesiomorphy and thus not phylogenetically informative. Additionally, our data on two genomes do not provide any evidence for hybrid origin of Santolina africana as initially hypothesized based upon mixed features typical for Santolina and Chamaemelum. Eventually, sampling of more nuclear and plastid markers and inclusion of more species of Santolina (presently consisting of around 13 species) may further elucidate the proper classification of this enigmatic species.
APPENDIX 1
Aligned nrDNA ITS sequence data of 21 representatives of Chamaemelum, its closely related genera Santolina, Rhetinolepis, Mecomischus and Cladanthus, and nine outgroup taxa. The border between ITS1 and ITS2 is indicated above the sequences. Gap positions and resulting gap codings are indicated at the end of the sequences. The data have been deposited in the EMBL data base (for accession numbers see Table 1 ). 
Santolina rosmarinifolia
TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAAAAACAACCGAGCATCGAGTGGATTGAGCACTT-GTTTGATCCTCTCGATGCTTTGTCGATGA
Santolina africana
TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAAAAACAACCGAGCGTCGAGTGGATTGAGCACTT-GTTTGATCCTCTCGATGCTTTGTCGATGA
Rhetinolepis lonadioides
TCGAACCCTGCAAAGCAGAACGACCCGTGAACAAGTAAAA-CAATCGAGTGTCGAGAAGATCAAGCACTT-GTTTGATCCTTTCGATGCTTTGTTGATGA
Mecomischus halimifolius
TCGAACCCTGCAAAGCAGAACGACCCGTGAACAAGTAAAAACAACCGAGCATTAAGTAGATCAAGCACTT-GTTTGATTCTCTCGATGCTTTGTCGATGA
Chamaemelum eriolepis
TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAAAAATAACCGAGC-TCGAGTGGGTTAAGCACTT-GTTTGATCCTCTCGATGCTTTGTCGATG-
Chamaemelum scariosum
TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAAAAACAACCGAGC-TCGAGTGGGTTAAGCACTT-GTTTGATCCTCTCGATGCTTTGTCGATG-
Cladanthus arabicus
TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAAAAACAACCGAGC-TCGAGTGGGTTAAGCACTT-GTTTGATCCTCTCGATGCTTTGTCGATG-
Chamaemelum flahaultii
TCGAACCCTGCAAAGCAGAACGACCCGTGGACACGTAAAAACAACCGAGC-TCGAGTGGGTTAAGCACTT-GTTTGATCCTCTCGATGCTTTGTCGATG-
Chamaemelum mixtum (Morocco)
TCGAACCCTGCAAAGCAGAACGACCCGTGAACATGTAAAAACAACCGAGCGTCGAGTGGGTTAAGCTCTT-GCTTGATCCTCTTGATGCTTTGTCGATG-
Chamaemelum mixtum (Italy)
TCGAACCCTGCAAAGCAGAACGACCCGTGAACATGTAAAAACAACCGAGCGTCGAGTGGGTTAAGCTCTT-GCTTGATCCTCTTGATGCTTTGTCGATG- 
Chamaemelum nobile
TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAAAAATAA-CGAGCGTCGAGTGGATTAAGCGCTT-GTTTGATCCTCTCGATGCTTTGTCGATG-
Chamaemelum fuscatum
TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAAAAATAA-CGAGCGTCGAGTGGATTAAGCGCTT-GTTTGATCCTCTTGATGCTTTGTCGATG-
Lepidophorum repandum
TCGAACCCTGCAAAGCAGAACGACCCGTGAACAAGTAAAA-CAAACGAGCGTCGAGCGGATTAGGCACTT-GTTTGGTCCTCTCGATGCTTTGTCGATG-
Phalacrocarpum oppositifolium
TCGAACCCTGCAAAGCATAACGACCCGTGAACATGTAAAAACAATCGGGCGTCAATTGGATTAAGCACTT-GTTTGATCCTCTTGGTGCTTTGTCGATG-
Lonas annua
TCGAATCCTGCAAAGCAGAAACATCTGTGAACATGTAAAAATGA-CGAGCGTTGAGTGGATTAAGCACTA-GATTGATCCTCTCGGCGCTTTGTCGATGA
Nivellea nivellei
TCGAACCCTGCACAGCAGAACGACCCGTGAACACGTAACAATAACTGAGCGCTGAGTGGGTTAAGCAATTTGTTTGATTCTCTCGGTGCTTTGTCGATG-
Chrysanthemum coronarium
TCGAACCCTGCAAAGCAGAASGACCCGTGAACACGTAATAATAACCGAGCGCCGAGTGGGTTAAGCGYTTTGTTTGATCCTCTCGGTGCTTTGTCGATG-
Aaronsohnia pubescens
TCGAACCCTGCAAAGCAGAACGACCCGCGAACACGTAATTATAAATGAGCGCCGAGTGGGTTAAGCATTTTGTTTGATCCTCTCGGTGCTTTGTCGATG-
Leucanthemum vulgare
TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAATA-CAACCGAGCGTCGAGCGGGTTAAGCGCTA-GTTTGATCCTCTCGATGCTTTGTCGATG-
Otospermum glabrum
TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAATA-CAACTGTGTGTCGAGTTGGTTAAGCACTT-GTTTGATCATCTCGATGCTTTGTCGATG-
Chlamydophora tridentata
TCGAACCCTGCAAAGCAGAACGACCTGTGAACACGTAATA-CAACCGGGCGTCGAGTGGGTTAAGCATAT-GTTTGATCCTCTTGATGCTTTGTCGACG
Santolina rosmarinifolia
AGGCTTGTTTCATGTT-GCCCC-GTTCGCGGTGCGCTCATGGGATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCCGC-AAATCTATGTC-GGGGG-C
Santolina africana
AGGCTTGTTTCATGTTTGCCCC-GTTCGCGGTGTGCTCATGGGATGKGGCTTMTTTATAATCAATCGCGTCGCCCCCCGC-AAATCTATGTC-GGGGG-C
Rhetinolepis lonadioides
AGGCTTCTTTCATGTT-GCCCCCGTTCGCGGTGTGCTCATGGGATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCCTC-AAATCTTTGTT-GGGGG-C
Mecomischus halimifolius
AGGCTTATTTCATGTT-GCCCCCGTTCGCGGTGTGCTCATGGGATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCCAC-AAATATTTGTT-GGGGG-C
Chamaemelum eriolepis
AGGCTTGTTTCATGTA-GCCCC-GTTCGCGGTGTGCTCGTGGGATGTGGCTTCTTTATAATCTATCGCGTCGCCCCCCAC-AAATCTTTGTT-GGGGG-C
Chamaemelum scariosum
AGGCTTGTTTCATGTA-GCCCC-GTTCGCGGTGTGCTCATGGGATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCCAC-AAATCTTTGTT-GGGGG-C
Cladanthus arabicus
TGGCTTGTCTCATGTA-GTCCC-GTTCGCGGTGTGCTCATGGGATGTGGCTTCTTTATAATTAATCGCGTCGCCCCCCAC-AAATCTTTGTT-GGGGG-C
Chamaemelum flahaultii
AGGCTTGTTTCATGTA-GCCCC-GTTCGCGGTGTGCTCATGGGATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCCAC-AAACCTTTGTT-GGGGG-C
Chamaemelum mixtum (Morocco)
AGGCTTGTTTCATGTT-GCCCC-GTTCGCGGTGCGCTCATGGGATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCCAC-AAATCTTTGTT-GGGGG-C
Chamaemelum mixtum (Italy)
Chamaemelum nobile
AGGCTTGTTTCATGTT-GCCCC-GTTCGCGGTGTGCTCATGGGATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCTGC-AAATCTTTGTT-GGGGG-C
Chamaemelum fuscatum
AGGCTTGTTTCATGTA-GCCTC-GTTCGCGGTGTGCTCATGGGATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCCAC-AAATCTTTGTT-GGGGG-C
Lepidophorum repandum
AGGCTTGTTTCATGTC-GCCCC-GTTCGCGGTGTGCGCGTGGAATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCCGC-AAATATATGTG-GGGGG-C
Phalacrocarpum oppositifolium
AGGCTTGTTTCATGTT--CCTC-GTTTGCGGTGTGCTCATGAGACTTGGCTTCTTTATAATCAATCGCGTCGCCCCCCGC-AAATCTTTGTT-GGGGG-C
Lonas annua
AGGCTTGTTCCATGTT-GCCCC-GTTCGCGGTGTGCTCATGAGACGCGACTTCTTTTTAATCAATCGCGTCGCCCCCCACCAAATCTTTGTT-GGGGGGC
Nivellea nivellei
AGGCTTGTTTCATGTTTGCCCC-GTTCGCGGTGTGCTCATGGGATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCCAC-AAATCTTTGTT-GGGGG-C
Chrysanthemum coronarium
AGGCTTGTTTCATGTTTGCCCC-GTTCGCGGTGTGCTCATGGGATGTGGCTTCTTTATAA???ATCGC-TCGCCCCCCGC-AAATCTATGTT-GGGGG-C
Aaronsohnia pubescens
AGGCTTGTTTCATGTTTGCCTC-GTTCGCGGGGTGCTCATGGGATGTGGCTTCTTTATAATCAATCGCATCGCCCCCCGC-AAATCTTTGTT-GGGGG-C
Leucanthemum vulgare
AGGCTTGTCTCATGTT-GCCCC-GTTCGCGGTGTGCTCATGGGATGTGGCTTCTTTATAATCAATCGCGTCGCCCCCCAC-AATTATTTGTTAGGGGG-C
Otospermum glabrum
AGGCTTGTTTCATGTTTGCCCC-GTTCGCGGTGTGCTCATGGGACGTGGCTTCTTTATAATCAATCGCGTCGCCCCC-AC-AAGTATTTGTC--GGGG-C
Chlamydophora tridentata
AGGCTTGTTTCATGTT 
Santolina rosmarinifolia
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Santolina africana
GGATATTGGTCTCCCGTGCTCACGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Rhetinolepis lonadioides
GGATATTGGTCTCCCGTGTTCACGACGTGGTTGGCCGAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Mecomischus halimifolius
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCAAAATAGGAGTTCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Chamaemelum eriolepis
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Chamaemelum scariosum
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Cladanthus arabicus
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Chamaemelum flahaultii
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCAAAATAGGAGTCCCTACGTCGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Chamaemelum mixtum (Italy) 
Chamaemelum nobile
GGATATTGGTCTCCCGTGCTAATGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGGCGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Chamaemelum fuscatum
GGATATTGGTCTCCCGTGCTAATGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Lepidophorum repandum
GGATATTGGTCTCCCGTGATATTGTCGTGGTTGGCCAAAATATGGTTTCCTCTGATGGATGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Phalacrocarpum oppositifolium
GGATATTGGTCTCCCGTGCTCATGGTGTGGTTGGCCAAAATAAGAGTCCCTTCGACGGACGCACTAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Lonas annua
GGATATTGGTCTCCCGTGCTATTGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACAAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Nivellea nivellei
GGATATTGGTCTCCCGTGCTCATAGCGTGGTTGGCCAAAATAGGAGTCCCTTTGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Chrysanthemum coronarium
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Aaronsohnia pubescens
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTAGT
Leucanthemum vulgare
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCGAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Otospermum glabrum
GGATATTGGTCTCCCGTGCTCATGGCGTGGTTGGCCAAAATAGGAGTCCCTTCGATGGACGCACAAACTAGTGGTGGTCGTAAAAACCCTCGTTCTTTGT
Santolina rosmarinifolia
TTTGTGTCGTACGTCGA--TAAGGAAACACTCTCTAAAAACCCCAACGTGTTGTCTTATGATGACGCTTCGACC
Santolina africana
TTTGTGTCGTACGTCGC--TA-GGAAACACTCTCTAAATACCCCAACGTGTTGTCTTAGGATGACGCTTCGACC
Rhetinolepis lonadioides
TTTGTGTCGTACGTCGC--TA-GGAAACACTCTCTAAATACCCCAACGTGTTGTCTTCGGATGACGCTTCGACC
Mecomischus halimifolius
TTTGTGTCGTACTTCGC--TC-GGAAACACTCTTTAAATACCCCAACGTGTTGTCTTTGGATGACGCTTCGACC
Chamaemelum eriolepis
TT-GTGTCGCACGTCGA--TA-GGAAACACTCTCTAAATACCCCAACGTGTTGTCTTAGGATGACGCTTCGACC
Chamaemelum scariosum
Cladanthus arabicus
TT-GTGTCGCACGTCGA--TA-GGAAACACTCTCTAAATACCCCAATGTGTTGTCTTAGGATGACGCTTCGACC
Chamaemelum flahaultii
TT-GTGTCGCACGTCGC-TT--GGAAACACTCTCTAAATACCCCAATGTGTTGTCTTAGGATGACGCTTCGACC
TT-GTGTCGTACGTCGT--TA-GGATACGCTCTCTAAAAACCCCAGTGTGTTGTCTTAGGATGAXGCTTCGACC
TT-GTGTCGTACGTCGT--TA-GGATACGCTCTCTAAAAACCCTAGTGTGTTGTCTTAGGATGACGCTTCGACC
Chamaemelum nobile
TTTGTGTCGCACGTTGC--TA-GGAAGCACTCTCTAAATAACCCATTGTGTTGTCTTAGGATGACGCTTCGACC
Chamaemelum fuscatum
TTTGTGTCGCACGTCGC--TA-GGAAGCACTCTCTAAATAACCCATTGTGTTGTCTTAGGATGACGCTTCGACC
Lepidophorum repandum
TTTGTGCTGTATCTCTCATTA-GGAAACTCT-----AATA-CCCAATGTGTTGTTTTAGGATGACGCTTCGACC
Phalacrocarpum oppositifolium
TATGTGTTGTTAGTTGC---AAGGAAACACTCTTCAAATACCCCAACGTGTTGTCTTAGGATGATGCTTCGACC
Lonas annua
TTTGTGCCGTCTCTCGC---AAGGGAACACTCTTCAAGTAACCCAGCGCATCGTCTAAGGATGATGCTTCGACC
Nivellea nivellei
TTTGTGTCGTCCGTTAT---AAGGAAACGCTCTCCAAAAACCCTAATGTGTTGTCTAAGGATGACGCTTCGACC
Chrysanthemum coronarium
TTTGTGTCGTTCGTTGC---AATGGAACACTCTATAAAAAACCCAATGTGTTGTCTTAGGATGACGCTTCGACC
Aaronsohnia pubescens
GTTGTGTCGTATGTCGC---AAGGAAATGCTCTTGAAAAACCCCAACGCATTGTCTAAGGATGATGCTTCGACC
Leucanthemum vulgare
TTTGTGCCGACATTTGC---AAGGAAACACTCTTTTCTTTACCTAATGCGTTGTCTTAGGACGATGCTTCGACC
TTTGTGCCGATAGTCGC---AAGGAAACACTCTTCAAATAACCCAATGTGTTGTCTTAGGATGACGCTTCGACC
Chlamydophora tridentata
Aligned cpDNA trnL/trnF IGS sequence data of 22 representatives of Chamaemelum, its closely related genera Santolina, Rhetinolepis, Mecomischus
and Cladanthus, and nine outgroup taxa. Gap positions and resulting gap codings are indicated at the end of the sequences. The data have been deposited in the EMBL data base (for accession numbers see Table 1 ). 
Chamaemelum nobile
TCCCCAAAAAGACCGTTTGACTACCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CGTTAGCAGTTCCAAATTCCTTATC
Santolina rosmarinifolia
TCCCCAAAAAGACCATTTGACTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CGTTAGCGGTTCAAAATTCCTTATC
Santolina africana
TCCCCAAAAAGACCATTTGACTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CGTTAGCGGTTCAAAATTCCTTATC
Rhetinolepis lonadioides
TCCCCAAAAAGACCGTTTGACTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CGTTAGCAGTTCCAAATTCCTTATC
Mecomischus halimifolius
TCCCCAAAAAGACCGTTTGACTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CGTTAGCAGTTCCAAATTCCTTATC
TCCCCAAAAAGACCGTTTGACTCCCTAATTCTTTCTTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CATTAGCGGTTCAAAATTCCTTATC
Chamaemelum mixtum (Tunisia)
Cladanthus arabicus
TCCCCAAAAAGACCGTTTGACTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CGTTAGCGGTTCAAAATTCCTTATC
Chamaemelum eriolepis
TCACCAAAAAGACCGTTTGACTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CGTTAGCGGTTCAAAATTCCTTATC
Chamaemelum flahaultii
TCCCCNNNAAGACNGTTTGACTCCCTAATTCNTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CGTTAGCGGTTCAAAATTCCTTATC
TCCCCAAAAAGACCGTTTGACTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CGTTAGCGGTTCAAAATTCCTTATC
TCCCCAAAAAGACCGTTTGACTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CATTAGCGGTTCAAAATTCCTTATC
Lepidophorum repandum
TCCCCAAAAAGACCGTTTGACTCCCTAATTCTTTATTGTAATCCTTTTGATTTATCTTGTATTTATCTTGTTTTTCATTAGCGGTTAAAAATTCCTTATC
Lonas annua
TCCCCAAAAAGACCGTTTGACTCCCTAATTCTTTATTGTA-TCCTTTTTATTTATCTTTTTTTT------TTTTTCATTATCGGGTCAAAATTCCTTATC
Nivellea nivellei
TCCCCAAAAAGGCCGTTTGACTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATTTTGTTTTT-----------CATTAGCGGTTCAAAATTCCTTATC
Aaronsohnia pubescens
TCCCCAAAAAGGCCGTTTTATTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CATTAGCGGTTCAAAATTCCTTATC
Phalacrocarpum oppositifolium
TCCCCAAAAAGACCGTTTGACTCCCTAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTT-----------CGTTAGCGGTTCAAAATTCCTTATC
Leucanthemum vulgare
TCCCCAAAAAGACCGTTTGACTCCATAATTCTTTATTGTA-TCCTTTTGATTTATCTTGTTTTG-----------CGTTAGTGGTTCAAAATTCCTTATC
Chlamydophora tridentata 
Rhetinolepis lonadioides
TTTCC-----CATTCACTACTCTTTATACAATACAA---------TTATACAAAAGGA-TCTGAGCGGAAAAGCTGTTCTCTTATCACATCACAGGG-AT
Mecomischus halimifolius
Cladanthus arabicus
TTTCCTTTCCCATTCACTACTCTTTATACA-TACAATTATACAAATTATACAAAA----TCTGAGCGTAAAAGCGGTTCTCTTATCACATCACAGGGGAT
Chamaemelum eriolepis
TTTCCTTTCCCATTCACTACTCTTTATACA-TACAATTATACAAATTATACAAAAGGA-TCTGAGCGTAAAAGCTGTTCTCTTATCACATCACAGGGGAT
Chamaemelum flahaultii
TTTCCTTTCCCATTCACTACTCTTTATACA-TACAATTATACAAATTATACAAAAGGA-TCTGAGCGGAAAAGCTGTTCTCTTATCACATCACAGGGGAT
Chrysanthemum coronarium 
Chamaemelum nobile
ATTATATGATACATGTACAAATGAAGATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCACGATCTAGATTT-----CATACTGAAGTTA----TTCTT
ATTATATGATACATGTACAAATGAAGATCTTTTAGCAAGGAATCCCCGTGTGAATGATTCACGATCTAGATTT-----CATACTGAAGTTA----TTCTT
Santolina rosmarinifolia
AT-ATATGATACATGTACAAATGAACATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCACGATCGAGATTT-----CATACTGAAGTTA----TTCTT
Santolina africana
AT-ATATGATACATGTACAAATGAACATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCACGATCGGGATTT-----CATACTGAAGTTA----TTCTT
Rhetinolepis lonadioides
AT-ATATGATACATGTACAAATGAACATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCACGATCGATATTT-----CATACTGAAGTTA----TTCTT
Mecomischus halimifolius
AT-ATATGATACATGTACAAATGAACATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCACGATCGAGATTT-----CATACTGAAGTTA----TTCTT
Cladanthus arabicus
AT-ATATGATACATGTACAAATGAACATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCGCGATCGAGATTT-----CATACTGAAGTTAGTTATTCTT
Chamaemelum eriolepis
AT-ATATGATACATGTACAAATGAATATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCGCGATCGAGATTT-----CATACTGAAGTTAGTTATTCTT
Chamaemelum flahaultii
AT-ATATGATACATGTACAAATGAACATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCACGATCGAGATTT-----CATACTGAAGTTA----TTCTT
Chrysanthemum coronarium -------GATACATGTACAAATGAACATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCACGATCGAGATTT-----CATACTGAAGTTA----TTCTT
Lepidophorum repandum
AT-ATATGATACATGTACAAATGAACATCTTTGAGCGAGGAATCCCCGTGTGAATGATTCACGATCGATCTTT-----CATACTGAAGTTA----TTCTT
Lonas annua -------GATACATGTACAAATGAACATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCACGATCGAAATTT-----CATACTGCAGTTA----TTTTT
Nivellea nivellei
AT-ATATGATACATGTACAAAT--------TTGAGCAAGGAATCCCCGTGTGAATAATTCACGATCGAGATTT-----CATACTGAAGTTA----TTCTT
Aaronsohnia pubescens
AT-ATATGATACATGTACAAAT--------TTGAGCAAGGAATCCCCGTGTGAATAATTCACGATCGAGATTT-----CATACTGAAGTTA----TTCTT
Phalacrocarpum oppositifolium
AT-ATATGATACATGTACAAATGAACATCTTTGAGCAAGGAATCCCCGTGCGAATGATTCACGATCGAGATTTTTATTCATACTGAAGTTA----TTCTT
Otospermum glabrum
AT-ATATGATACATGTACAAATGAACATCTTTGACCAAGGAATCCC--T-------ATTCACGATCGATATTT-----CATACTGAAGTTA----TTCTT
Leucanthemum vulgare
AT-AT-GATACATGTACAAATGAACATCTTTGAGCAAGGAATCCCCGTGTGAATGATTCACGATCGATATTT-----CATACTGAAGTTA----TTCTT
Chlamydophora tridentata
AT 
